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Gross observations revealed that concentrations of lead acetate
at 0.07 and 0.09 mg levels were effective in producing hemorrhaging in
22.8% of 269 experimental embryos. Dwarfing occurred with the next
greatest frequency at 4% of the experimental population affected. At
the microscopic level sagittal sections through the hemorrhaging
regions of leAd treated.chick embryos revealed an abundance of blood
cells in cavities of the brain. These blood cells were basophlllcally
stippled, a characteristic of lead poisoning in red blood cells.
Analysis of RNA content in experimental (hemorrhaging) versus control
showed no appreciable differences in O.D. readings taken from chick
brains. There was a mean variation of 0.0035 between experlmentals
and controls. It was concluded that RNA in the chick brain may be
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Many studies have been undertaken in the field of teratology
which were aimed at the production of developmental abnormalities by
chemical means and their epigenetic analysis (Ancel, 1952; Landauer,
1954).
Coii5)ounds of lead have been shown to be very potent teratogens,
exhibiting growth inhibition (Bell, 1924; De Franciscis and Boccdlatte,
1962) and a specificity for the head region of chick embryos (Hammett
and Wallace, 1928; Catlzone and Gray, 1941; Kamofsky and Ridgeway,
1952). The most prevalent of these effects were hemorrhaging
(Kamofsky and Ridgeway, 1951), meningoceles (Butt et al., 1952), and
defects of the central nervous system (Catizone and Gray, 1941).
Since hemorrhaging in the brain region of chick embryos was found to
occur with the greatest frequency, this anomaly was analyzed in depth.
Hence, this present study was undertaken to find correlations between
effects of lead on the chick brain grossly and histologically. Addi¬
tional information was obtained at the molecular level with a quanti¬
tative determination for RNA.
CHAPTER II
REVIEW OF LITERATURE
Some of the most comprehensive work on the production of develop¬
mental abnormalities was done by Ancel (1952) using colchicine and its
analogs. He noted that these growth inhibiting drugs displayed regional
specificity and evoked different effects when administered at different
stages of development in chick embryos. Landauer (1954), using various
breeds of chicks, noted that certain syndromes produced by teratogens
bore a close resemblance to certain mutant conditions. For this reason
he referred to them as phenocoples. He observed further that malforma¬
tions produced by each teratogenic agent differed quantitatively in
expression with dosage and time of administration. He found a direct
correlation between the genotype of the chick and the malformation
produced by a specific teratogen.
Bell (1924) noted that lead compounds had an inhibitory effect
on the growth of plant and animal tissues. He attributed this to some
inhibition of the phosphatide system, which in turn affected growth.
Hammett and Wallace (1928) found that when they administered lead
nitrate to chick embryos, there was a retardation of differential
development in the head region of brain anlagen. They also noted a
retardation of somite formation. Catlzone and Gray (1941), working
with lead chloride in chick einbryos, found that the strength of the
solution had no significant bearing on the type or number of abnormali¬
ties but that the time of injection was most important. They found
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that injections made in chick embryos between 0 and 18 hr produced
anomalies of the central nervous system (CNS), these being opened CNS,
crooked CNS, and anterior and destroyed CNS. This again refers to
regional specificity found by other investigators. Similar results
were obtained by Kamofsky and Ridgeway (1951) under different experi¬
mental conditions. They found that anomalies of the central nervous
system could be produced by injection of 0.5 mg/ml lead nitrate into
the yolk sac of chick embryos from the 4th to the 10th day of incuba¬
tion. Injections made prior to or after this period had little
effect. The prime malformation obtained was meningoceles. Other
organ systems were not found to be consistently affected. They
observed that with increasing age, larger doses of lead nitrate were
necessary to produce anomalies. Butt et al. (1952) found such.a
widespread occurrence of the meningocele lesions that their investi¬
gation was restricted totally to this abnormality in the chick brain.
Concentrations of lead nitrate rmiging from 0.5 to 1.0 mg/ml were
Injected into the albumen. A comparison was made as to the specific
effects of mercury and copper compounds. These compounds did not
have site specific effects as did lead.
In later investigations, De Franciscis and Boccalatte (1962)
Injected 10, 20, and 30 mg concentrations of lead acetate into 8-day
chick embryos. A decrease in body weight was noted in the experi¬
mental versus the control animals. None of the embryos Injected with
30 mg concentrations of lead acetate survived. Gilani (1973) found
varied teratogenic effects when he injected eggs at 48 hr of incuba¬
tion. Lead acetate concentrations ranged from 0.005 to 0.08 mg/ml.
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A close dependent effect was found. The effects were not centered
around a particular region. Among principal anomalies were retarda¬
tion of body size, micromelia, shortened twisted neck, and everted
viscera. The conclusion drawn was that lead has a specific effect on
cells that were dividing at the time of treatment.
Ferm and Ferm (1971) investigated the effects of lead nitrate
injected into maternal hamsters at a dosage level of 25 or 50 mg/kg,
The hamsters were Injected from the 5th to the 8th day of gestation^
The effects were almost completely centered around the tail region of
the hamster embryos. Here again an Investigator noted regional
specificity of a lead compound.
Only speculation has been forwarded as to hlstochemical and bio¬
chemical effects of lead on the brain. Many studies have been made on
nucleic acid content in avian brains under norinal developmental con¬
ditions. Mandel (1949) studied the nucleic acid content of developing
avian brains and noted a sharp increase in RNA from the 10th to the
19th day of incubation, while DNA remained constant. Blrge (1962)
observed maturation and differentiation of ependymal cells. He noted
a characteristic fluctuation in their RNA content from the 7th through
the 8th day of development. Vos (1970) found a correlation between
the wet weight of rat brain and an increase in biochemical activity.
He also noted a decrease in wet weight with age. Nathanson and Bloom
(1975) found that low concentrations of lead inhibited the production
of adenyl cyclase, a membrane bound enzyme which activates cyclic AMP,
a neutotransmltter, in rat brain homogenates.
Histological investigations on pathologic conditions in the
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chick brain, as previously pointed out, are limited. Karnofsky and
Ridgeway (1952) observed sections through the brain of chick endbryos
treated with lead nitrate and noted hemorrhagic necrosis, characterized
by the cranium being enlarged and empty. Sano (1960), in observing
the effects of lead poisoning on blood cells, found that basophilic
stippling in affected blood cells was caused by the aggregation of RNA
around mitochondria.
Studies on the effects of teratogens on the quantitative pro¬
duction of nucleic acids are limited. Cavallero et al. (1952) investi¬
gated the effects of cortisone acetate, a growth inhibitor, on total
nucleic acid and protein content in the whole chick embryo. They
found that there was a decrease in RNA and protein but not in DNA in
the experimental animals.
The effects of drugs on the quantitative production of RNA in
the brain are varied. Prives and Quastel (1969) investigated the
effects on the pattern of uridine incorporation into rat cerebral
cortex slices. Quabaln at the 1.0 tiM level was found to inhibit RNA
synthesis by 32%. In these same tissue slices potassium chloride was
found to increase RNA synthesis by 54%; it had no effect on intact
ganglia. Large RNA stimulation effects in rabbit brain were observed
when tranylcypromine was injected into animals (Hyden and Egyhazy,
1968). Caldarera et al. (1969) found that chick embryos treated with
spennine and spermidine showed 140% increase of RNA synthesis in the
brain region. At the molecular level Britten (1962) noted that lead
acetate hydrolyzed RNA into nucleotides in E. coll and Salmonella but
not in Tetrahymena. This was attributed to complex nucleoprotein in
6




Fertilized eggs were obtained from a local hatchery and placed
in an horizontal position for a period of 24 hr at room temperature.
They were then placed in a forced air Incubator at 37,8 C with about
75% relative humidity.
Concentrations of lead acetate were prepared in physiological
saline. The original concentrations used were as follows; 0,05 mg,
0,07 mg, 0,09 mg, and 0,1 mg. The latter was found to be the concen¬
tration at which an LD^q could be acquired. Therefore, 0,07 and 0,09
mg/ml were used as standard concentrations in subsequent Injections,
Prior to injection, eggs were cleaned with 70% ethanol and holes
were drilled into them above the air space. Injections were made into
the air space using a 3 ml syringe with an 18 gauge needle, A volume
of 0,3 ml was injected into the test eggs and an equal volume of saline
Injected into controls. After Injecting selected groups of eggs at
various periods of incubation, 48 hr was found to be the most stable
time for injection since any made prior to or after this time yielded
less than favorable results. Following injections, punctures were
sealed with tape and the eggs were allowed to Incubate for periods
ranging from 6 to 8 days. This period was chosen because of the
proximity of adult and embryonic characteristics at this point of
incubation. Eggs were then opened and observed grossly for anomalies,




The heads of chick embryos were removed and fixed in buffered
formalin for 48 hr. They were then washed for a period of 12 hr and
taken through dehydration procedures with ethanol, cleared in j^lene
and embedded in paraffin. The heads were embedded such that sagittal
sections could be made of experimental and control embryos. Prepared
slides were stained with hematoxylin and eosln. They were then
observed under a light microscope and photographs were taken of
selected anomalies and comparable control regions.
Extraction of BNA
The procedure of Schneider (1961) was used to extract ENA from
the brains. Brains of experimental and control embi^os were carefully
dissected out at 4 C. They were then blotted on filter paper and
weighed. An average of 4 brains was pooled, equalling roughly 1 g wet
weight. The embryonic brains were diluted up to 10 ml with ice cold
sucrose reagent and honragenized at 4 C with a hand homogenizer. A
volume of 20 ml of ice cold 10% TCA was added and the preparation was
allowed to stand at 4 C for 30 min. The solution was subsequently
washed with 10 ml of 10% TCA and centrifuged at 10,000 rpm for 20 min
at 4 C and the supernatant discarded. A 3:1 ethanol-ether solution was
added to the precipitate, and this was heated in a water bath at 60 C
for 30 min. The solution was again centrifuged at 10,000 rpm for 15 min
at 4 C and the supernatant discarded. The precipitate was suspended in
2 ml of IN KOH and Incubated in a water bath at 37 C for 20 hr. After
incubation, 0.4 ml of 6N HCl and 2 ml of 5% TCA were added and allowed
to stand for 30 min at 4 C. This was followed by centrifugation at
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10,000 rpm for 20 min at 4 C. The supernatant contained hydrolyzed KNA.
Determination of RNA
The method of Brown (1946) for pentoses was used to determine
RNA content of samples. Quantities of hydrolyzed RNA ranging from 20
to 80 1 were placed in 150 mm test tubes. The volumes were then
brought to 1.5 ml with distilled water. Subsequently, 4.5 ml of
orclnol was added to bring the final volumes to 6.0 ml. Glass marbles
were then placed in the mouths of the test tubes and the tubes were
heated in a boiling water bath for 20 min. They were then removed and
cooled to room tenqperature in cold water. A ribose standard curve
was prepared by this same procedure. The samples were read at 665 and
550 u in a Turner 20 spectrophotometer, and the difference between




The experimental embryos which were treated with lead acetate
showed a preponderance of malformations in the head region. Hemorrhag¬
ing in the head region occurred with greater frequency than any other
anomaly. This is shown in Tables 1 and 2. The meningocele lesions
were grouped with hemorrhaging in gross observations since they some¬
times occurred in conjunction with each other. Hemorrhaging occurred
in an average of 22.8% of 269 experimental chick embryos tested with
0.07 and 0.09 mg/ml concentrations of lead acetate, while this anomaly
occurred in approximately 0.01% of controls.
Figure 1 shows 8-day experimental and control, chick embryos.
The former exhibits severe hemorrhaging of the telencephalon, dlen-
cephalon, mesencephalon and metencephalon. Figure 2 shows experimental
and control embryos with hemorrhaging in the former restricted to the
telencephalon. The mesencephalon appears unaffected. Approximately
40% of the embryos that died during development showed signs of
hemorrhaging.
Dwarfing was next in the frequency of occurrence of anomalies
at 4%. Figure 3 shows a 7-day experimental embryo which also exhibits
microphthalmia. Those embryos which had more than one anomaly were
categorized only once. Figure 4 shows an 8-day dwarf coiq>ared to a
control. Note the slight hydrocephaly in the mesencephalic region of
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Table 1. Frequency of gross abnormalities of embryos injected at 48 hr of incubation and observed
on days 6 and 7.
Cone. Lead No. No. Died
Acetate Eggs Unfert.^ During Observed Abnormality
(mg/ml) Devel. Normal Dwarf Hemorr^ Miero^ Monoph^ ExVis^ TwNe'
0.07 30 7(23%) 7(23%) 6(20%) 3(10%) 9(30%) 0% 1(3%) 0% 0%
0.09 72 18(25%) 14(19%) 10(14%) 7(.09%) 20(27%) 0% 1(.1%) 1(.1%) 0%




















Hemorr^ Mlcro^ Monoph^ ExVls^ TwNe®
0.07 40 10(25%) 9(22%) 6(15%) 3(.07%) 7(18%) 2(.05%) 2 0% 3(.07%) 0%
0.09 92 21(22%) 27(28%) 15(16%) 6(.07%) 24(24%) 0% 2(.02%) 0% 1(.01%)
0.1(LD5q) 35 6(17%) 18(51%) 1(.02%) 3(.08%) 5(15%) 0% 0% 1(.01%) 0%




Fig. 1. Photograph of 8-day chick embryo treated with 0.09 mg
of lead acatate (a) at 48 hr of incubation,
exhibiting severe hemorrhaging of all brain regions,
as compared to normal control (b).
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Fig. 2. Photograph of 8-day chick embryo treated with 0.07 mg
of lead acetate (a) at 48 hr of incubation as compared
to a normal control (b). Hemorrhaging is restricted
to telencephalon region.
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Fig. 3. Photograph of dwarfed 7-day chick embryo
(a) exhibiting microphthalmia, compared to a normal
7-day control (b). Experimental was injected with
0.09 mg of lead acetate at 48 hr of incubation.
15
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Fig. 4. Photograph of 8-day dwarf (a) also esdiibiting slight
hydrocephaly (arrow) as compared to a control (b).
Experimental was treated with 0.07 mg lead acetate
at 48 hr of incubation.
16
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the brain. Most times when hydrocephaly occurred it was in conjunction
with the hemorrhagic condition.
One of the more interesting findings was an embryo with three
well-developed eyes and two partially developed beaks. Since this
anomaly occurred only once it was not specifically attributed to lead
acetate. Figures 5 and 6 show this three-eyed embryo alone and with
an 8-day control, respectively. Observation of the cranium showed the
beginnings of a third brain hemisphere between the two telencephalic
lobes. This indicates that a twinning process may have been taking
place. Anophthalmia, the absence of eyes, occurred with a frequency
of only 0.01% (Fig. 7). Microphthalmia is seen in Fig. 8 with the eye
being dwarfed and misplaced. This anomaly also had a low incidence of
occurrence. Figure 9 shows 6-day embryps-with the experimental showing
hemorrhaging of the viscera, the least common anomaly. The controls,
which were injected with physiological saline, did not exhibit any
consistent series of anomalies. There were two cases of hemorrhaging
among 120 controls tested, for a 0.016% frequency, and this is con¬
sidered negligible.
Histological Observations
The effect of lead acetate at the histological level reflects
anomalies which were seen grossly. The most prevalent was hemorrhaging.
Sagittal sections through the hemispheres of the brain reveal a con¬
sistent appearance of blood cells which show basophilia, presumably
Imparted by the haemotoxylin-eosin stain. Figure 10 is a section
through the mesencephalon and shows blood cells inside the cavity
(mesocoel). A section through a concomitant region of a control is
Fig. 5. Photograph of three-eyed chick embryo with two
partially developed beaks (arrows) and three fully
developed eyes. This 8-day "monster" was treated
with 0.07 mg of lead acetate at 48 hr of Incubation.
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Fig. 6. Photograph of three-eyed "mutant" (a) compared to
control (b). Embryos are 8 days old.
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Fig. 7. Photograph of 7-day chick embryo (b) with anophthalmia
(the absence of eyes). It is compared to control (a)
of equal age. Experimental was treated with 0.09 mg
lead acetate at 48 hr of incubation.
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Fig. 8. Photograph of chick embryo treated with 0.09 mg of lead
acetate (b) and observed on day 8 of incubation, show¬
ing microphthalmia and slight dwarfing. Embryo is
con^ared to control (a).
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Fig. 9. Photograph of 6-day chick embryos. The experimental
(b) exhibits hemorrhaging of the viscera, as compared
to control (a). Experimental embryo was treated
with 0.07 mg at 48 hr of incubation.
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Fig. 10. Photomicrograph of section through mesencephalon
showing blood cells in the cavity. Embryo was treated




shown in Fig. 11. Figure 12 is a section through mesocoel showing
blood cells present at 750X magnification. Note the basophilic
stippling of blood cells. The section in Fig. 13 is through the telen¬
cephalon and shows the presence of blood cells in the cavity. A con¬
comitant region of a control embryo (Fig. 14) shows the absence of
blood cells in this cavity. Figure 15 represents a section through
the rear of the metencephalon. Note the meningocele lesion.
Quantitative RNA
The results of a test run for the quantitative determination of
RNA revealed an insignificant difference between experiments and con¬
trol animals, with an average O.D. deviation of 0.0035 nm between them.
Neither experimentals nor controls varied consistently more than the
other. Figures 17-19 show the proximity of optical readings between
experimentals and controls. The standard curve (Fig. 16) shows an
absorbance of 0.050 nm for 2% ribose. This would fall in the range
of 40 for the experimentals and controls tested. The next correlation
is between 4 of the standard with an O.D. of 0.095, and 80 of the
experimental and control samples with an O.D. averaging 0.102. These
readings indicate that the standard is about 20 times more concentrated
than saiiq>les tested.
Fig. 11. Photomicrograph of control section through mesen¬
cephalon showing the clear cavity. Section Is from
8-day control. X150.
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Fig. 12. Photomicrograph of a section through the mesencephalon
showing blood cells and cellular debris. Note the
basophilic stippling of cells (arrow). This is an
8-day experimental embryo. X750.
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Fig. 13. Photomicrograph of a sagittal section through
telencephalon, again showing blood cells present
in cavity of 7-day treated chick embryo. X300.
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Fig. 14. Photomicrograph of a section through telencephalon
of a control showing a clear cavity. X150.
28
Fig. 15. Photomicrograph of a section through the rear of
the metencephalon showing a meningocele lesion
(arrow). X150.
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Fig, 16, Graph showing the standard curve for 2% ribose with
amounts ranging from 2'’9X, Each 0,D, reading taken
represents the difference between BSS-SSO nm. These
differential readings compensate for possible hexose
Interference with pentose readings (ribose) in these
and subsequent samples.
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AMOUNT OF 2« RIBOSE
Fig. 17. Graph indicating RNA content of hemorrhaging 6-day
chick brain coiiq)ared to normal control. Experi¬
mental embryos were treated with 0.09 mg/ml lead
acetate at 48 hr of incubation. ENA content was
measured by presence of hydrolyzed pentoses and




AMOUNT OF 2X RIBOSE
Fig, 18, Graph showing ENA content in hemorrhaging 7-.day chick
brain compared to normal control. Embryos were treated
with 0.09 mg/ml lead acetate at 48 hr of incubation,










































20 X 40X 60X 8oX
AMOUNT OF 2 X RIBOSE
CHAPTER V
DISCUSSION AND CONCLUSION
The gross observations were consistent with those of most In¬
vestigators who used lead compoimds In studying animal development.
Lead has been found to be specific In producing anomalies In the head
region of chick embryos (Hammett and Wallace» 1928; Catlzone and Gray,
1941; Kamofsky and Ridgeway, 1951; Butt et al., 1952). However,
Perm and Perm (1970.), using lead nitrate on golden hamsters, found a
specificity of this compound for the tall region of these embryos.
One of the most Important factors In the production of abnor¬
malities Is the time of Injection (Catlzone and Gray, 1941). The
most suitable time for Injection In this Investigation was found to be
48 hr. The same time was also found to be most suitable by Gllanl
(1973). He found anomalies to occur with frequency In many regions of
the chicks. The 48 hr period was used In the present study because
this Is the period when differentiation of regions of the chick brain
are first clearly delineated.
Lead compounds have also been shown to exhibit an Inhibitory
effect on growth In various tissues (Bell, 1924; De Pranclscls and
Boccalatte, 1962). Dwarfing In our study occurred with a frequency of
4%, as compared to 22.8% for brain hemorrhaging. This Indicated that
lead was more effective In producing anomalies In the head region than
In Inhibiting overall growth and development. One of the more Inter¬
esting anomalies was an embryo with three eyes and two partially
33
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developed beaks. Lead may have had an inhibitory effect on a twinning
process or the anomaly may have been a genetic mutation. The 4% fre¬
quency of dwarfing was significant in pointing out the inhibitory
effects of lead.
Histological observations of sagittal sections through the
hemorrhaging chick brain treated with lead by Kamofsky and Ridgeway
(1952) revealed necrosis in the cranium which was characterized by
enlargement and emptiness. The results obtained in this investigation
were quite to the contrary. Microscopic observation of sagittal
sections of the brain revealed an abundance of blood in brain cavities,
predominantly in the mesencephalon. This can be accounted for by the
possible destruction of pre-existing blood vessels by lead, or its
inhibition of the formation of a sufficient network of vessels to
transport blood.
The blood cells observed under oil immersion showed basophilic
stippling, which is a characteristic of lead poisoning on blood cells.
Sano (1960) reported that the basophilic stippling was due to the
aggregation of RNA around mitochondria. This aggregation of RNA under
pathologic conditions was one factor which led the current investiga¬
tion to a quantitative analysis of RNA in the chick brain. Hemorrhag¬
ing was found to occur in all regions of the brain, although in some
Instances it was coAfined to either the telencephalon or the mesencepha¬
lon. These happen to be the two largest regions of the embryonic
chick brain. The controls contained no blood cells in sections
through the brain, only occasional fibrous material in the interior.
Many studies have been undertaken to determine the amount of
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nucleic acid present in avian brains imder normal conditions. Mandel
(1949) fotmd sharp increases in RNA from the 10th through the 19th day
of incubation, while the DNA content remained constant. Data obtained
in the present study revealed significant increases from the 6th to
the 8th day under normal and pathologic conditions. Blrge (1962)
noted an Increase in RNA from the 7th to the 18th day of development
of ependymal cells in the chick brain. Vos (1970) attributed in¬
creases in biochemical activity to decreases in wet weight.
Certain drugs have been found to have an inhibitory effect on
the production of RNA in the brain (Prlves and Quastel, 1969), while
others have been shown to enhance RNA synthesis (Hyden and Egyhazi, 1968
Caldarera et al., 1969). Nathanson and Bloom (1975) found that low
concentrations of lead acetate failed to cause any marked decreases in
the amount of RNA present in chick brains treated with lead acetate.
As previously stated, Vos (1970) stated that an increase in biochemical
activity may merely represent a decrease in wet weight of a san^le.
The wet wei^t factor was tkken imder consideration and before di¬
gestion, chick brains were carefully blotted on filter paper so that
more accurate readings could be taken.
One possible explanation for the lack of variance in optical
density readings between experimentals and controls could be that of
Britten (1962). He found that lead acetate hydrolyzed RNA into
nucleotides from Salmonella and E^. coli; but when the experiment was
repeated using Tetrahymena, hydrolysis did not occur to any signifi¬
cant degree, due to RNA being associated with complex nucleoprotein in
this eucaryont. The RNA found in the chick brains may have been
36
associated with some complex nucleoprotein, preventing any Inadvertent
destruction by chemicals.
Therefore, it was concluded that the RNA content of the lead




1. Gross observations revealed that concentrations of lead
acetate at 0.07 and 0.09 mg levels were effective In producing
hemorrhaging In 22.8% of 269 experimental embryos. Dwarfing
occurred with the next greatest frequency (4%) of the experi¬
mental population affected.
2. At the microscopic level sagittal sections through the
hemorrhaging regions of lead treated chick brains revealed
an abundance of blood cells In cavities of the brain. These
blood cells were basophlllcally stippled, a characteristic
of lead poisoning In red blood cells.
3. Analysis of RMA content In experimental (hemorrhage)
versus control showed no appreciable differences In O.D.
readings taken from chick brains. There was a mean variation
of 0.0035 nm between experimental and controls. It was con¬
cluded that the RNA In chick brains must be complexed with
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